Abstract Sustainability is said to be the science of integration, be it integration of scale, discipline or of stakeholders' interests. One way to integrate such diverse elements is to develop sustainable development indicators. Numerous national and international organizations have attempted to develop such indicators, among which interaction indicators are of critical importance because they enable us to link up human activities, ecological dynamics, and social goals. Among the various ways to develop such indicators, the most common ones are the pressure-state-response (PSR) indicators, as well as others coming from this framework. With realistic methodology one shall observe how PSR indicators might appear as an operational tool to face rapid social and ecological changes within a French biosphere reserve in Brittany. Results suggest that such a framework is insuYcient to describe, understand and manage social and ecological interactions.
Introduction
One may compare sustainable development to a journey. Everybody hears about it and everybody agrees to say that it is awesome. And yet, nobody knows how to get there because no one actually knows the precise destination. This looks pretty much as an "Eldorado" 1 C for development policy-makers. That is why sustainable development indicators are needed to provide some signals to know where we are going. Among sustainable development indicators, the interaction indicators are of crucial importance (Hukkinen 2003a) . Within the biodiversity-management Weld, interaction indicators question the links between conservation issues, economical activities, and social well-being (Levrel 2007) . At the beginning of the 1990s, such an indicator did not exist. Yet it was in need, as stated by the Commission on Sustainable Development in the chapter 40 of Agenda 21 (CSD 1992, p. 40.4) : "Methods for assessing interactions between diVerent sectoral environmental, demographic, social and developmental parameters are not suYciently developed or applied." In order to meet the development of interaction indicators, many international organizations launched ambitious programs.
Among the organizations that developed interaction indicators is the Organization for Economic Co-operation and Development (OECD) with its successful and unprecedented pressure-state-response (PSR) framework (OECD 1994) . The driver pressure state impact response indicators (DPSIR) (European Environment Agency 2003) , the driving force state response indicators (DSR) (Commission on Sustainable Development 2001), the pressure state use response capacity (PSURC) (Convention on Biological Diversity 2003) all come from the OECD's original framework. The PSR indicators propose to evaluate the pressures of human activities on environmental states and to provide political responses in order to reach a "desirable state" (Fig. 1 ). This approach has recently been broaden to social, institutional and economical dimensions (CSD 2001) . However, some recent works have shown that pressure and response indicators were not adapted-and not clear enough-to understand and manage interactions in both social and economical spheres (Briassoulis 2001; CSD 2001; Zaccaï 2002; CNDD 2003; Hukkinen 2003a) .
Hence, these indicators are mainly used in environmental organization reports because PSR indicator system provides a useful and simple tool to formalize environmental problems due to its intuitive structure-human pressure on the environment and political responses to adopt solutions. Environmental scientiWc programs have also adopted the 
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PSR framework to develop interaction indicators. Generally speaking, the PSR framework is used as a control panel tool for experts (OECD 1994; Crabtree and BayWeld 1998; Firbanka et al. 2002; Liu 2007; Wolfslehner and Vacik 2008) , except for the study of Kammerbauer et al. (2000) . Since the publication of the Wrst OECD report regarding PSR indicators, some criticisms have underlined the theoretical limits of this framework (OCDE 1994; Hukkinen 2003b; Wolfslehner and Vacik 2008) . In particular, the challenges associated with establishing cause-eVect relationships between the three boxes of the PSR framework suggest that it tends to oversimplify complex social and ecological interactions. As far as we know, very few papers oVer an empirical assessment of such indicators on the Weld. When a working group develops PSR indicators in a speciWc Weld, it tends to underline the limits of this framework without going further into its analysis. The key question "how is it possible to use PSR framework as an operational tool for managing social-ecological interactions" is scarcely discussed. At this end, one should identify traditional indicators of pressure, state and response in the Weld of biodiversity management and gather some empirical evidence in order to appreciate how relevant they appear for park managers.
Materials and methods: a realistic methodology to test PSR indicators in the case of the Ushant island
A realistic method would consist in comparing theory and practice within a speciWc context (Collier 1994) . Most of the time, conservation programs adopt an "ecosystem approach" (Convention on Biological Diversity 2000; Man UNESCO and the Biosphere 2000; Millenium Ecosystem Assessment 2005). Hence we tried to test PSR framework on a small ecosystem scale: the Ushant Brittany island (1,541 ha) localized in the West of France (48°28Ј N, 5°5Ј W) (Fig. 2) . The island of Ushant is considered as a European biological hotspot for ecosystems, sea birds (Cadiou et al. 2004 ) and plants (Annezo et al. 1998; Kerbiriou et al. 2008) (Tables 1, 2) . Moreover, Ushant is located in the Iroise Sea Biosphere Reserve, 1 a protected area harboring marine, terrestrial and coastal ecosystems which aims to reconcile biodiversity conservation and a sustainable use of it. Besides, participatory processes involving local stakeholders are required to establish a conservation policy that Wts UNESCO's MAB label (see web site of MAB-UNESCO programme: http://www.unesco.org/mab/). In this context, interaction indicators should be a privileged governance tool in order to improve the dialogue between people and facilitating collective decision-making regarding the interaction between conservation and development issues. We are here questioning the capacity of PSR indicators to provide a means of communication for park managers concerned by the impact of recent rapid social and ecological changes on biodiversity.
In order to achieve this, one has passed through literature and carried out several interviews (n = 30) which took place between 2003 and 2004 with park managers, local stockbreeders, island residents and scientists that have been living or working on this island for a long time. This enabled us to test how to establish PSR framework. This was carried out in a three step diagnostic regarding, respectively, "state indicators," "pressure indicators," and "response indicators."
Results

State indicators
To construct PSR indicators, it is necessary to deWne a desirable-or a reference-state. Identifying the satisfying state for biodiversity is a delicate task because it deals with various ecological scales-from the genetic level to the landscape, including that of the biosphere. However, it is possible to tackle this diversity of scales thanks to the set of state indicators: the amount of red list or endemic species, the size of the population, the habitat's heterogeneity, the diversity of agricultural plants, etc. Although such an approach is very useful, there are some conXicts between these parameters. For instance, habitats on Ushant are more heterogeneous today than they were 50 years ago (Gourmelon et al. 1995) . In the middle of the 1950s, the landscape of Ushant merely consisted of open grasslands. During the next 50 years, fallow land encroachment became a source of habitat heterogeneity. Kerbiriou et al. (2008, p.18) 1 C . And yet, at the same time, new species arrived such as the Marsh harrier (Circus aeruginosus), the ChaYnch (Fringilla coelebs), the GoldWnch (Carduelis carduelis), the GreenWnch (Carduelis chloris), the Carrion crow (Corvus corone), the Robin (Erithacus rubecula), and the Great tit (Parus major). On the whole, this widened the total range of species (y = 0.1848x¡328.36; R 2 = 0.71; Table 1 ). However, regional park managers perceive this process as a loss of biodiversity. In fact, in Northern developed countries, the loss of open habitat due to changes in agricultural practices is often 
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perceived as a harm to biodiversity (Lovett-Doust et al. 2003; Grand et al. 2004; Laiolo et al. 2004) . Such perceptions actually take place because most of the new species are very common, generalist, and opportunistic whereas threatened species are specialists of open landscape, most often with restricted ranges, and are considered as exceptional (Table 1 ) (Tucker and Heath 1995) . The same pattern can be observed in plant communities on Ushant ( Table 2) . The next step to build PSR indicators is to identify pressures, which are the source of current dynamics.
Pressure indicators
The period in which rapid changes take place is ideal to analyze social and ecological interactions because driving forces are easy to identify. Rapid social changes on the island of Ushant appear through a decreasing human population and an endless increase in the number of 
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tourists. At the beginning of the 20th century, there were 2,661 inhabitants but only 956 at the last census. In 1952, agro-pastoral activities were run by households for their own consumption with crops in the middle of the isle (34% of the area of the isle), and pastures in the coastal and wetland meadow areas (38%) grazed by 4,500 sheep and 350 cattle (Gourmelon et al. 2001) . In 1992, crops disappeared (1%), while pastures (31%) were delocalized in the middle of the isle. Sheep remained around 1,000. It turned around 650 in 2003. Cattle had disappeared in 1992 but a small livestock (60) was introduced in 2000. Between 1952 and 1992, fallow land encroached on the major part of the isle-from 0 to 43% of the total area (Gourmelon et al. 1995) . At the same time, the number of tourists increased dramatically as shown by the evolution of the number of ferry passengers: from 10,000 in 1950 to 250,000 in 2000 (Le Viol 2002), with a continuous annual growth of about 2,500 passengers during the last 20 years (ANOVA F 1,17 = 708.365 P < 0.0001; GAM, P = 0.356). This double dynamic is due to the growth of leisure activities and to the decline of agro-pastoral activities, as well as changes in ecosystem services-from provisioning services (agro-pastoral activities) to cultural services (tourism activities) (Millenium Ecosystem Assessment 2005). Fallow land encroachment lead to the decrease of rare species as previously mentioned (Kerbiriou 2001) . Tourism puts pressure on local ecosystem through coastal trampling and disturbances of the local fauna (Kerbiriou et al. 2008) .
In this example, one should highlight the fact that human activities have some positive eVects on biodiversity and are not only a source of pressure. In the case of Ushant, it is the lack of agro-pastoral activities which leads to fallow land encroachment and to potential ecological problems. In addition, even if tourism deWnitely puts pressure on ecological viability, it is at the same time a source of ecological opportunities. Coastal trampling leads to the degradation of the vegetation but it also leaves open landscape for local red list species, including some birds (Wheatear and Chough) and plants (Ophioglossum lusitanicum, Isoetes histrix). In addition, tourism is a source of funding for the natural park because tourists pay a transport tax ("Barnier Tax") which generates income directly allocated to environmental management such as fallow land control. Tourists staying at least one night in Ushant have also to pay a sojourn tax, managed by the municipality. 
Moreover, impact of such pressures on biodiversity is hard to assess because ecological, social, and economical parameters do not evolve on the same scales of time. With respect to ecological dynamics, crop Welds become meadows after 1 or 2 years. Resilience of seed-eating bird populations for two decades decreases such as Buntings (Emberiza sp.) and colonization of new species lead to the increase of species richness in the short term. However, in the near future, the extinction of seed-eating birds, the potential disappearance of open grassland habitat with its consequences on other bird species and new species interactions could lead to species richness decrease (Pimm and Harvey 2001) . In addition, changes in economic activities are very quick-e.g., new business opportunities associated with tourismwhereas social institutions are particularly slow to change-e.g., access and use rights. Therefore, it seems diYcult to evaluate the average long-term net eVect of human impacts on present social and ecological system reorganization (Gunderson and Holling 2002) .
In fact, social and ecological driving forces are diverse and complex. They are interconnected and diYcult to discriminate. For instance, tourists consume a traditional dish based on sheep meat, which is proposed by restaurants and requires the use of some sods of turf. This dish is very successful and represents an important source of income. It contributes both to the maintenance of open landscape and to the increase in coastal erosion because sods are harvested from coastal grasslands. Tourists also create a pressure on local accommodation prices (92% between 1995 and 2002) (Buhot 2004 ) which can be related with decreases in both human population and traditional agro-pastoral activities. And yet, at the same time, the increasing number of tourists maintains minimum public services on the island and supplies jobs to the local population. There are 5 hotels, 3 guest houses, 17 houses in which rooms are rent for tourists, 30 furnished houses to rent, a campsite with 50 places, a youth hotel with 44 beds, and a naturalist centre with 40 beds, for a total capacity of 600 tourists. There are 10 restaurants, 3 taxis, and 4 bicycle renting companies.
One shall explore the potential social responses that would counterbalance the negative eVects coming from pressures and that would develop new indicators.
Response indicators
The percentage of protected area, the total number of protected species and the expenditure in nature conservation are the most common response indicators (CSD 2001; EEA 2003; CBD 2003) . Because easily documented and because they give well-established responses and policies, their use is widespread. New and more ambitious responses such as agro-environmental measures or eco-labelling are not represented yet, though the matter is discussed (see web site of CBD: http://www.biodiv.org). In the case of Ushant, traditional conservation measures exist. Ushant is located within the Armoric regional park and the Iroise sea biosphere reserve. The coastal zone was declared "Site Classé 2 " in 1979, which has led to the protection of the entire site against any human construction. Moreover, Ushant is within a Natura 2000 area. Such measures may provide an adapted response to the touristic boom, but they give no clues to the fallow land encroachment problem. Today, only the Armoric regional park provides some solution to this problem by promoting the clearing of some fallow parcels. Such a measure is useful but insuYcient by itself. If no other measures are taken to deal with the origin of the problem-i.e., the real driving force is the decline of agro-pastoral uses-this ex-post solution, of high cost, will neither be eYcient nor sustainable.
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Discussion
It is possible to develop state, pressure and response indicators for the isle of Ushant in line with those proposed by CSD (2001), EEA (2003 ) or CBD (2003 (Fig. 3 ).
Yet, one may wonder if such indicators are useful in describing, understanding and governing current rapid social and ecological changes?
State indicators?
As this example shows, it is very hard to determine a critical indication for decision-making because there are many criteria-richness verses abundance of rare species, for e.g., which can be in conXict at diVerent ecological scales (Tables 1, 2 ). Decision-makers usually adopt tradeoV from implicit social conventions. For instance, they can choose to maximize the number of red list species in order to satisfy public opinion or to optimize habitat heterogeneity. Accordingly, choosing a desirable state is not a strictly scientiWc and objective question. It is partly subjective and depends on various individual and collective preferences (Westley et al. 2002) . Hence it is essential to take into account the stakeholders' perceptions of biodiversity. Classifying them in order to characterize biodiversity's desirable state is the next step so as to identify workable conservation goals. In the same way, there is not a unique social and economic desirable state. On the contrary there are many alternative. If ecological goals come to be contradictory, the task of balancing them with social and economic objectives will be even harder.
Pressure indicators?
Fallow land encroachment and the boom of tourists are interrelated in many ways. There is a great uncertainty regarding their net eVects on biodiversity. The initial "pressure issue" is becoming a complex problem with many interconnections (Fig. 4) .
In addition, classify an activity only as a "pressure" on local scale is the same as showing who is responsible for the problem. Stakeholders cannot accept to be considered as a source of pressure for social and ecological systems (Levrel and Bouamrane 2008) . For local 
Response indicators?
Response indicators mostly focus on technical solutions and don't take into account political dimensions. This approach is not in accordance with what we can observe on the ground. Responses are always the result of (long) negotiations in a speciWc social context: they exhibit an emergent and a consensual property. Park managers are not alone on the island and their response capacity is limited. They don't command and control the social and ecological system. Thus one cannot develop eYcient response indicators without taking into account the social process that leads to select them. For the moment, local Ushant stakeholders are not interested in participating to biosphere reserve management. They have simply no idea or suggestion for managing rapid changes. In this context, the Wrst step to develop response indicators that contribute to the management of social and ecological interactions is to improve communication between local stakeholders. Subsequently, interaction indicators could help understanding how the system works and how potential responses, based on trade-oV that are socially acceptable, could change the dynamics of the system.
Comments on relevance and theoretical background of PSR indicators PSR indicators can provide a quick description of interactions but do not indicate precisely how social and ecological issues are related. The PSR framework focuses on the environmental issue, while ecological system dynamics depend exclusively on human activities. 
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Because of their intuitive design (human pressure on environmental state) and because they can provide initial information to disentangle the diVerent components of the environmental problem, PSR indicators are useful for national administrative monitoring purposes. However they are no longer eYcient locally. At a local scale, it is possible to take into account the complexity of the social and ecological dynamics. Even if there are many social and ecological interactions, they can easily be identiWed. But PSR framework seems inappropriate to underline such a complexity because it provides economical, ecological, and social sector-based desirable states that are in conXict and leads to an over simpliWcation of social and ecological interactions. Of course it could be possible to put together diVerent PSR frameworks that represent diVerent point of view: some "states" would represent some "pressures" for others and so on. But this would go beyond a PSR framework and lead to build a systemic one.
Indeed, the PSR framework background is based on an analytic approach that seeks an optimal solution by using oversimpliWed constraints on anthropogenic pressures, environmental states, and social responses. This optimal perspective does not follow the sustainability indicator problematic (Hukkinen 2003a, b; Reed et al. 2006; Levrel and Bouamrane 2008) . There is a large background of social and ecological collapses due to the use of "optimal modelling methodology" to manage ecosystem services . The key problem for PSR indicators is that, within this framework, both the ecological system and people are passive-not adaptive-with the exception of the "manager". This manager has the capacity to collect all information, to analyze it and to take the optimal decision in response to any environmental change. The construction of PSR indicators is currently based on neoclassical decisional theory. Such a theory leads to a "command and control" perspective that is not adapted to assessing interactions between environmental, demographic, social and economic parameters or providing solid bases for decision-making locally (Arrow et al. 2000; Yorque et al. 2002; Kinzig et al. 2003) .
The core property of an indicator is to provide both a scientiWc tool of proof as well as a tool for decision making. It both a scientiWc and a social object (Latour 1987 (Latour , 1998 ). An indicator must be considered as a compass and a gyroscope that provide accurate and relevant signals on sustainable development trajectories (Lee 1993) .
Thus it appears more relevant to adopt both a systemic and reference scenario approach to launch simulations in which interaction indicators are connected by non-linear relations (Hukkinen 2003a; Levrel and Bouamrane 2008) . System dynamics models (SDM), Multi-agent systems (MAS), and Role-playing game (RPG) are particularly adapted for it (Vennix 1996; Van Eeten and Roe 2002; Janssen 2003; Boulanger and Bréchet 2005; Gurung et al. 2006) . With such models one may develop artiWcial social ecosystems where human and ecological entities evolve together. One could test alternative "what if" scenarios in order to project what scenarios are to come and to facilitate negotiations among local stakeholders. They have been used successfully in many contexts to get a better understanding of how social and ecological interactions work and to facilitate collective discussion regarding natural resource management (Costanza and Ruth 1998; Rouwette et al. 2002; Etienne et al. 2003; Bousquet and Le Page 2004; Gurung et al. 2006) .
Such categories of models develop interaction indicators in many ways:
-they use some reference indicators to compare diVerent scenarios at diVerent moments and on various scales; -these models allow to develop Xexible interface which can produce alternative sense-making indicators corresponding to alternative points of view on the same phenomenon;
1 C -as the simulation creates various scenarios, key interaction indicators which determine outcomes can be identiWed; -these models enable to create micro-indicators based on individual behaviours, connected with macro-monitoring indicators.
With such an approach, interaction indicators can facilitate discussions and collective learning, balance arguments and provide information to carry out trade-oV analysis for social, ecological, and economic purposes (Reed et al. 2006 ). In our e.g., interaction indicators should highlight interactions between economic dimensions (price of houses, demand for traditional dishes, etc.), social questions (proportion of main home vis-à-vis second home, motivations for agro-pastoral activities, etc.), ecological dynamics (invasive species, habitat heterogeneity changes, etc.), and individual representations (of the island, fallow land encroachment or biodiversity, etc.). This leads to a better understanding of current biodiversity dynamics and to clarify the social, ecological, and economic stakes linked to biodiversity issues. Moreover, such interaction indicators must inform about economics constraints (tourist as the main source of income for the isle), ecological constraints (vegetal structure which creates problems of access for tourists and breeders), and social constraints (local institutions and conventions concerning breeding activities) as well as social relations (conXicts between diVerent stakeholders about natural resource uses) to understand how the social and ecological system works. Taking into account all these parameters, and especially the tensions between diVerent social and ecological components is essential to govern properly biodiversity in the Ushant Island.
